The genus Plagioscion (Soiaenidae) is widespread in the freshwaters of South America, and is known from all of the systems cited above for S. lirna (also cited by sarne authors). The genus h a s not been adequately revised but recent work suggests that there are four Amazonian species (Soares, 1978) . Plagioscion squarnosis8Írnus and Plagioscion sp. (no published name has yet been given to this species) are abundant in the Central Amazon and they are important food fishes (Petrere, 1978) . Croakers of the genus Plagioscion are silvery, elongate fishes with large mouths and eyes (Fig. 2) . Their mouths are heavily toothed. .~ ., 
STUDY AREJA
The present study was extracted from a more comprehensive investigation of fish ecology in the mid-westernj central Amazon Basin that has been in progress since 1977. The river systems involved include the Ma deira, Machado, Negro, Branco, Tefé, Purus, Juruá and Solimões-Amazonas (Fig. 3) . ThiB fluvial octet includes the so-called whitewater (turbid), blackwater (stained by humic acids) and clearwater (relatively good transparency) rivers of the Amazon drainage system. The threefold classification of Amazon rivers was first suggested by Alfred Russel Wallace (1853) who thought the different water types influenced aquatic animal distribution and abundance. Sioli (e.g. 1967 Sioli (e.g. , 1968 showed that the classification is useful for relating Amazonian hydrochemistry to the geology of the drainage basins.
Whitewater rivers have headwaters in the Andes ; because of the high relief and youthful geology of these mountains, the rivers that drain them bring down large quantities of sediments (Gibbs, 1967) . The heavy sediment loads in whitewater rivers render their waters turbid, almost cafe-au-Iait in color, and reduce transparency to only a few centimeters. When these muddy waters reach the floodplains, however, where the current is reduced or absent, the sediments are decanted out and transparencies sometimes reach from one to three meters. Whitewater river floodplains also have blackwaters and clearwaters drained from the adjacent areas; during the floods there is much mixing of water types on the wh'itewater river floodplains and no satisfactory classification is yet available. The floodplains of the whitewater rivers support well developed communities of herbaceous plants that have been referred to as floating meadows (Junk, 1970) . On the higher partes of the floodplain, seasonally inundated rainforest is the principal plant formation. The best primary production in Amazonian a qua tic ecosystems is found in the floodplain waterbodies of the whitewater rivers; this production is expressed most clearly through the extensive development of floating meadows and seasonal phytoplankton blooms (Junk, 1970; Schmidt, 1973) . The higher primary production of whitewater rivers -in contrast to bla ckwater and clearwater rivers -is directly r ela ted to the fluvial geography of nutrients brought out of the Andes.
Blackwater and clearwater rivers transport minimal sediment loads and are nutrient-poor. The blackwater rivers are stained by humic a cids that are derived from dead vegetation whose organic compounds a re not decomposed in the soil lItter; consequently, these secondary compounds are carried into the streams and rivers by run-off (Klinge, 1965; Leenheer, 1980) . Blackwater streams are able to support herbaceous plant communities, but these a re low in species diversity and also in biomass compared to the whitewater river areas. CIearwater rivers drain the Brazilian and Guiana Shields or areas in the Amazonian Lowlands. They have a wide range of pR values, though they are usually on the acidic side. Rerbaceous plant communities are absent from most clearwater rivers, and intensive plankton blooms h ave not been reported except in the mouth-Iakes of the Tocantins, Xingu and Tapajós (Sioli, 1968) .
METHODS
We have examined the stomach contents of over 100 species of the larger fishes captured in the study area outlined above. The shrimp-eating fishes reported in this paper were discovered while making these analyses. The specimens were captured with gillnets and seines between 1977 and 1980. All of the Sorubim lima specimens reported on are from the Calama floodplain of the upper Rio Madeira (see Fig. 3 ). These catfishes were captured in floodplain lakes and flooded forests during 1980. Though every month was fished, we only made capture.s of S. lima during seven months. Because feeding behavior was similar during the low and high water periods, we have combined the results. Plagio8cion spp. were captured in eight of the twelve months that the Calama floodplain was investigated; this included both the high and low water periods and, because feeding behavior was similar during both seasons, we combined the results. Plagio8cion spp. from the Rio Tefé were captured on beaches during a two week period of August, 1979 ; this was the beginning of the low water period. The Rio Branco specimens were captured in flooded forests and beaches during a two week period in May, 1979, at which time river leveI was rising; the results from these two habitats are also combined. Captures of Plagio8cion spp. in the Rio Machado were made in 1977 and 1978 and these results have already been reported elsewhere (Goulding, 1980) . Shrimp were collected with dipnets and seines and these collections have been identified and incorporated into the most recent and comprehensive taxonomic treatment of Amazonian shrimp (Kensley and Walker, 1982) .
The stomach contents of the fishes discussed in this study were analyzed by two methods, namely occurrence and volume. Occurrence was calculated as the number of times that a particular food item was present in the total number of ind'ividuals that contained food in their stomachs. Volume was calculated from "fullness" and the relative quantity of each food item. The "fullness" of an idividual's stomach was estimated at the following intervals: 10 percent or less = 1 point, 25 percent = 2 points, 50 percent = 3 points, 75 percent = 4 points and 100 percent = 5 points. The individual items were then separated and their contributions estimated as a percentage (10 percent, 25 percent, 50 percent, 75 percent or 100 percent) of the total bulk found fi each stomach. The "fullness" points were then multiplied by these relative percentages to determine the importance of individual items 'in each fish's stomach. Finally, these calculations were summed to determine the relative importance of each item for all of the fishes examined. 
RESULTS
Of the 155 specimens (17-29 cm Standard Length = SL) of S. lima examined for food contents, 100 individuaIs had empty stomachs, while the items found in the other 55 included shrimp, cladocerans, copepods, fish an d plant r emains (Tab. 2) . Nearly all of the shrimp were M acrobrachium amazonicum, and no other species could be identified with certainty. ln t erms of total volume, shrimp accounted for 75.6 p ercent of the food consumed by S. lima in the Calama floodplain lakes of the R io Ma deira. Fish was the second most important item eaten. Most of these prey appeared to be small characins, but they were too digested to be identified to lower t axonomic leveIs. The copepod and cla doceran zoopla nkton were probably ingested accidentally, and the sarne may be true of the minute quantities of plant remains found.
Of the 46 spec'imens (15-28 cm SL) of Plagioscion squamosis8Ímus from the Calama floodplain that were examined for stomach contents, only 12 individuaIs had empty stomachs, while the items found in the other 25 included shrimp, fish and vegetable remains (Tab. 3). Shrimp (mostly M . amazonicum) accounted for 97.9 percent of the total bulk of food eaten during the high water period and 66.5 percent during the low wa ter season. The only other item of any importance was fish. Only 13 Plagioscion sp. (17-30 cm SL) specimens were examined because so few were captured. During the high and low water periods shrimp was by far the most important -item eaten (Tab. 3).
Of the 11 specimens (18-43 cm SL) of P. squamosissimus examined from the Rio Tefé, only four contained food in their stomachs; two of these had ea ten fish (Hoplias malabaricus, Chilodus punctatus and A Cf!strorhynchus sp.) while the remaining pair contained shrimp that could not be identified to species because they were already largely digested. Only three specimens (26-36 cm SL) of Plagioscion sp. novo from the Rio Tefé were examined, one of which was empty, one contained a Curimata sp. fish and the last had eaten macrophyte roots.
Only four specimens (18-29 cm SL) of P. squamo8Ís8Ímus from the Rio Negro were examined for stomach contents. Two were empty and two contained fish.
Of the 28 specimens (16-37 cm SL) of P . squamosis8Ímus captured on beaches and in flooded forest of the lower Rio Branco, 14 individuaIs had eaten fish; no other food item was found. Fish prey included gymnotoids, Curimata spp., and small loricariid catfishes.
The feeding behavior of P. squamosissimus from the Rio Machado ha s already been reported, though Plagioscion sp. was not recognized at the time (Goulding, 1980) . Of the 217 Rio Machado specimens (22-48 cm SL) examined, from both floodplain lakes and flooded forests, 85 individuaIs contained food in their stomachs. The only food item found was fish, and these included Anodus, curimatids, Serrassalmus, Triportheus, loricari'ids and small pimelodids. 
DISCUSSION
Obvious morphological adaptations for shrimp-eating appear to be very rare in Amazon fishes. We hypothesize that there are two principal reasons for this. Firt, the shrlmp blomass of the Amazon river Bystem appears to be relatively low, at least compared to fish. Though no quantitative information exists, we can strongly suggest, from much personal observation, that the Amazon shrimp biomass, except in the estuarine area, .is too low to support commercial operations of any scale. Likewise, we believe that the Amazon shrimp biomass is too low to support but a few fish species that specialize on it as their main food. Second, the size of the shrimp, compared to their piscine predators, and the crustacean's soft carapaces, present few problems for ingestion by fishes. ln general we believe that the major ecological characteristics of Amazonian shrimp-eating fishes are to be sought more in predatory behavior -which is beyond the purview of the present study -than ln morphology. Here we can offer only one exception to thls generalization.
The greatly elongated upper jaw of Sorubim lima is undoubtedly an adaptation for imprisoning prey against a substrate, a prenomenon that has been observed by the second author in aquaria. Our study suggests that shrimp is the main prey of S. lima in whitewater floodplain la.kes of the Amazon, and we believe that 'it is captured mostly on the bottom. If, in fact, the elongated upper jaw of S. lima is a specialized morphological adaptation for capturing shrimp, then these crustaceans should be the principal item in the catfish's diet over its wide area of d'istribution. On1y further studies from other systems can test this hypothesis.
Our g'illnet and seine samples reveal that S. lima is only abundant in the whitewater river habitats ln the mid-western/central Amazon. Only a few specimens were captured in blackwater and clearwater rivers. Fisheries data also indicate that S. lima is found mostly in the whitewater rivers (Petrere, 1978; Goulding, 1979 Goulding, , 1981 . We hypothesize that the relative abundance of S. lima in Amazonian waters is correlated with shrimp abundance. Unfortunately, we do not have enough specimens from blackwater and clearwater rivers to determ' ine whether S. lima feeds principally on shrimp in these systems, or alternatively, switches prey, which would then most likely be small fishes. It should also be noted that Macrobrachium amazonicum, the most important shr, imp species eaten by the fishes reported herein, is either absent or very rare in the blackwater and clearwater rivers of the Central Amazon. The shrimp biomass in blackwater and clearwater rivers is also much lower than that encountered in whitewater river systems, though no quantitative data are yet available on these differences. The shrimp in the nutrient-poor rivers also appear to be much smaller (Pers. obser. and Kensley and Walker, 1982) .
ln the clearwater Rio Machado croa.kers were one of the two most abundant predatory taxa captured (Goulding, 1980) . Our data clearly reveal that croakers living ín blackwater and clearwater rivers feed mostly on fish in contrast to those populations inhabiting whitewater rivers that eat mostly shrimp. We hypothesize that the croakers in blackwater and clearwater rivers must eat fish for a lack of shrimp. The question that then arises is why do the croakers prefer shrimp over fish in the wh'itewater river floodplain areas? Three hypotheses suggest themselves. First, that shrimp is easier for them to capture .in the whitewater floodplain areas. Second, that shrimp is more nutritious in croakers' diets than fish. Third, that whitewater river floodlpain habitats have competitive piscivorous predators that are missing from the blackwater and clearwater rivers. The first two hypotheses are testable and may be of eventual interest to fish culturalists. Here we will only offer 'insights on the third hypothesis, which is the least testable.
Fisheries data and our own experimental gilJnet and seine captures show that the most abundant predators in Amazonian whitewater ríver floodplain waterbodies are Cichla spp., 8errasalmus spp. and Plagioscion spp. (Petrere, 1978; Goulding, 1979 Goulding, , 1981 . Species of Cichla and PlagiosGÍon are abundant in alJ river types that we have investigated, whereas the most piscivorous whitewater river piranha (8. nattereri) is missing, or very rare, in the blackwater and clearwater rivers. ln the Rio Madeira study site we captured about 3,000 8. nattereri (mostly adults) in contrast to 75 individuaIs of Plagioscion spp. in a year of fishing. Blackwater and clearwater rivers that we have investigated have no comparable predator to 8. nattereri (not even another piranha species). It is thus possible that PlagiosGÍon spp. are able to maintain relatively large b'iomasses in the blackwater and clearwater rivers because they are able to switch from shrimp to fish in the absence of a dominant predator like 8. nattereri.
CONCLUSION
80rubim lima and PlagiosGÍon squamo8Í8simus and PlagiosGÍon sp. are the only known Amazon fish taxa that, at least in some areas, eat shrimp as the major part of their diets. The shrimp-eating catfish and croakers are so different morphologicalJy that it would be difficult to guess that their feeding behavior converged on the exploitation of shrimp, and especially Macrobrachium amazonicum. Further studies should be able to elucidate the behavioral adaptations that catfish and croakers, among a long list of other predators, have for capturing shrimp diurnalJy and nocturnally. Likewise, the shrimp must have adaptations for avoiding their diverse predators.
The croakers reported herein are the first Amazonian predatory fishes whose diets are known to be ínfluenced by water type. Too little is yet known about the Amazon fish fauna to determine whether this is an aberrant case, or a phenomenon that, as we suspect, will also be found ín other groups. This study suggests that when an Amazonían fish species is known to inhabit more than one water type, then its diet, in an ecological sense, can only be understood by investigating feeding behavior in all of the water types involved.
